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Abstract 

•  Oui  work  al  the  'I’.ile  Artificial  liilelllKeiice  l*roJerl.  lia-s  iirovlded  key  arlenllflc  IiisIrIiIs  Into 
tiiHiiaii  eoKtiltlve  lichavlor.  ill  general,  and  learning  In  part  If  nlar.  These  scientlflr 
developments  can  he  aiiplled  to  education 

•  .M  the  heart  of  thinking  Is  the  nerd  to  explain  the  unfamiliar.  We  regard  inlellertuai  curiosity 
■as  a  major  ednratlonal  re.soiirre  to  be  nurtured  and  promoted.  Our  cominiter  models  of 
tinman  cognitive  tiehavlor  Indicate  that  exjilanatlon  plays  a  critical  role  In  learning. 
Iiiforl  nnalely.  the  educational  sy.slem  has  been  unable  to  foster  and  exploit  wlial  should  be 
central  In  our  schools,  namely,  the  love  of  learning 

•  Primary  and  secondary  education  today  face  many  problems  (  hlldren  aren't  learning  the 
basic  skills  of  reading,  writing,  and  math. 

•  The  introdtiftlon  of  computers  in  the  classrooms  has  not  provided  the  predicted  panacea,  out 
h.as  instead  brought  problems  of  its  own.  primarily  due  to  inadequate  software  for  the  core 
curriculum.  Most  of  the  available  educational  software  is  terrible.  It  is  ineffective,  costly, 
unproven,  and  inappropriate. 

•  discuss  the  tremendous  potential  of  the  computer  in  education  and  offer  standards  for 
achieving  high-quality  educational  software  for  all  parts  of  the  curriculum.  In  particular, 
icinqiiiters  offer  a  unique  opporiunilv  to  rullivale  the  student’s  natural  desire  to  exiilore  and 
explain  t  he  wnrlil 
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1.  Learning  to  Think 


I  hr  Miiflrr  Kititl,  Hr  ic/io  IntrtiK  liul  liitrit  mil  linrik 
IK  IdhI  ’  Hr  trill)  Ihttik^  blit  ilorn  )ii)l  Iritrrt  ik  hi  ijrnil  iliiiuirr 
<  ■onfiicliis.  I’lir  AnalrrlH  of  (  'nufttrtun  (Hook  II.  No  !.'■>) 


IiiiiiKiiie  tliMl  yiiii  riiK  ;i  cliild  of  clovrii  who  livrs  in  a  ral.lur  run  down  section  of  a  big  city  'I'oii  arc 
I'idiiig  voiir  bicycle  slowly  .iloiig  sireeis  Mill  are  not  very  crowded  Willi  von  is  a  frieiul  and  yon  are 
talking  'icin  icu-s  a  man  who  is  riding  a  tcicycle  too.  \s  yon  jiass  liy,  tie  calclies  a  siiiall  part  of  wlial 
yon  are  saying  lo  yonr  friend,  and  lie  assumes  dial  it  in  some  way  relates  to  liim.  Hr  begins  to  f/ireateti 
yon  and  yon  realize  tlial  lie  is  not  joking,  he  is  very  angry  and  iiossilily  jiisl  a  bit  crazy  as  well  He 
begins  to  cb.ase  aftc-r  yon. 

W'tial  do  yon  do'' 

l.ei's  imi  lids  (imsilon  anoltier  way  ,\ssnme  ilial  you  have  not  exiierlenced  anything  like  this  liefore.  (a 
rather  large  issnintil ion  if  yon  are  rifling  tlirongh  a  neighborhood  in  which  ytm  live,  so  let’s  assume  that 
you  are  from  the  snbnitis  and  are  visiting  yonr  city  cousin).  Mow  can  you  figure  out  what  to  do'l  That 
is,  tiow  can  yon  come  ni)  with  a  new  idea,  a  creative  solution,  to  yonr  problem? 

It  seems  obvious  that  whatever  solution  a  child  can  come  uii  with  here.  It  Is  unlikely  that  he  will  have 
leaiii'-d  Hint  solid Ifin  In  ,s<  liof)l  The  reason  why  a  child  Is  unlikely  to  have  learned  how  to  deal  with  such 
a  siiiiallon  in  sc  liool  is  not  lieranse  schools  don't  leach  xlrrit  mtiiirlH  The  reason  Is  that  schools  don’t 
le.ich  children  liow  lo  think  Nevertheless,  many  chlhlren  do  know  liow  to  think  Who  ha.s  lieen  leaching 
t  lieni  I  hen'’ 

rile  answer  is  simtile  eiunigh  for  ilie  most  part,  they  have  |>een  leaching  themselves. 

CREATIVITY 

\t  this  point,  we  are  not  concerned  about  teaching  or  the  school  system.  We  are  concerned  with 
tliinking.  learning,  and  t'erhaiis  most  im|>orl.inl.  creativity,  .Not  creativity  in  the  artistic  sense.  Our 
iiutrr-rit y  child  .ilxo c  may  nevr  be  an  .irlist.  but  there  are  many  possible  creative  solutions  that  he  may 
Ice  able  to  come  up  with  lo  help  him  in  his  dilemma.  And.  if  he  comes  out  of  it  successfully,  he  may 
licconie  r.ither  i)lc'a.st(l  with  his  pl.aiining  alcilily.  I’erliaps  he  will  strike  out  in  another  domain.  Perh.aps 
not  The  point  licre  o  this  wi'  are  all  endowed  with  the  ability  to  be  creative.  Maintaining  that  ability 
can  !"■  f  airly  1 1  n  k  y  how  ever 


i.et's  gel  h,,.  k  lo  our  ft  Iglll '  peel  lilile  boy 
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What  are  Ills  ali.ei  natives?  Me  can  try  to  outrare  the  aiiKry  man.  tint  as  he  Is  a  Imy  It  Is  unlikely  (hat  he 
can  do  that.  He  could  stand  and  flRhl.  hut  that  seems  like  a  bad  Idea.  It  seems  obvious  that  seeklnu 

protection  would  be  a  good  Idea,  but  where?  Some  <|uestions  come  to  mind  for  the  boy  to  answer.  Is  there 

a  friend  or  relative  around  who  could  protect  him’  How  about  the  police?  Let’s  assume  that  the  answers 
here  .are  no  What  other  alternatives  are  there?  How  do  you  get  .someone  who  doesn’t  know  you  (o  [irotei  i 
yon’'  (  )(ie  .answer  Is  l<i  find  people  who  are  likely  to  consider  themselves  to  be  tough.  lOstreclally  helpful, 
would  he  .a  gioiii)  of  such  [leople  who  might  be  obligated  to  help  hint  simply  because  of  groui'  social 
pi  essill  I- 

Now.  our  boy  can  consider  where  he  might  find  such  people  One  place  is  a  neighborhood  bar.  Three 
ihiugs  are  wrong  with  this  suggestion.  One  Is  that  it  Is  daytime  and  the  bar  might  not  be  especially  full. 
The  seiauid  is  that  lit  getting  off  the  bike,  he  would  have  to  slow  down  and  this  might  cause  him  to  get 
e.aiighl  bi-fore  he  got  into  the  bar  The  thlid  is  that,  the  man  might  just  take  his  bike  and  forget  about 
him.  .and  this  might  not  be  such  a  good  exchange  from  the  point  of  view  of  this  boy. 

So.  what  other  places  are  available?  This  particular  boy  happens  to  know  that  there  Is  a  park  nearby 

where  a  ba.seball  game  is  almost  always  going  on.  He  peddles  quickly  to  the  pitcher’s  mound  of  the  ball 

field  'Pile  men  who  are  playing  are  ready  to  kill  him  for  interrupting  the  game  when  they  see  the  man 
who  is  ctuasing  ihe  boy  I'hey  immediately  ihretilen  the  man  with  their  bats  and  the  boy  spends  the  rest 
of  Ihe  r|ay  wali  hing  baseluill 

READY-MADK  ANSWERS 

\\  .Ls  (Ills  boy  being  cretillve''  I'lial  can  be  ;>  suprlslngly  easy  i|uesI.lon  to  answer.  We  (end  l.o  view 
ere.aliyily  as  somediing  mystical.  We  believe  that  not  everybody  htts  the  mystical  quality  in  the  same 

.imouiKs.  and  that  it  is  very  difficuK  to  jmige  exaclly  who  h.as  exactly  how  much  of  this  mystical  quality 

at  any  given  (ime  Hut  this  is  really  the  wrong  way  to  look  at  the  issue. 

Actii.illy  cre.allvity  Is  very  simitly  defineil  <  reativity  is  the  ability  to  Ihtnk  up  a  solution  (hat  ts  neti’ 

to  ynu .  to  u  prohlriu  that  is  nrtr  to  you.  hy  yoursilj. 

tVoiil  I  we  consider  this  boy  to  have  been  creative  In  his  solution  to  his  problem  If  he  was  regularly 
di  !.'•  I  HI  till'  wav’’  ttr.  to  put  this  another  way.  if  he  were  chased  again  tomorrow,  and  he  did  exactly  the 

1!!  ■  Miiiig  wiHild  we  rem.ark  on  his  ereaiiviiy?  (  ertainly  not  We  do  not  consider  a  solution  to  be 

I  I  per-. Ill  lo  be  creative,  if  what  is  being  done  Is  sinn>ly  something  the  person  has  done  before 

1  pp  i^e  ihl^  toy  had  a  lug  brother  who  had  been  in  similar  fixes,  which  he  told  his  little 

I  \v  '  wi.iil  1  iiiu  eousider  our  boy  to  be  creative  if  all  he  did  was  apply  what  others  had  told 
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Now  let's  consider  another  example.  Let’s  assume  that  this  same  boy  Is  in  school  and  he  has  been  asked 
lo  rind  the  leiiftth  or  the  hypotenu.se  of  a  rlicht  triaiiRle  whose  two  other  sides  are  3  and  1  respectively,  lie 
has  been  daydreainlliK  while  lids  subject  was  beliiR  tniiKlit  and  has  nevi-r  learned  how  to  do  this.  On  the 
ollur  baixl.  two  other  children  In  his  class  have  been  payliiK  attention.  One  nets  the  answer  I m mediately . 
The  second  makes  some  calculations  and  then  raises  his  hand  to  Indicate  that  he  too  has  the  answer.  The 
third,  our  boy.  draws  the  triangle  and  is  ready  t.o  make  a  gues-s.  I^et’s  consider  their  answers. 

The  first  boy  knew  the  answer  was  5  becau.se  he  has  been  paying  attention  to  what  has  been  going  on  In 
cla.ss  ami  be  knows  that  there  is  such  a  thing  as  a  3. 4. 5  right  triangle,  and  therefore  this  must  be  It.  Thus, 
he  immediately  knows  the  answer.  Our  second  boy  knew  the  formula,  namely  a  +b  =  c  .  He  thus  found 

O  •) 

a"  (9)  and  b*  ( ifi),  added  them  together  to  get  25.  and  took  the  square  root  of  25  to  get  5.  Our  boy  took 
out  a  pencil  and  carefully  drew  the  triangle.  He  estimated  the  length  of  the  hypotenuse  to  be  slightly 
bigger  titan  the  longest  side,  and  guessing  that  the  answer  was  a  w'hole  number,  reasoned  that  the  answer 
was  probably  .s 

So  which  of  those  hoys  is  right"!  Or  to  put  it  another  way.  there  are  two  questions  we  could  ask;  Which 
of  tluxr  /toys  ti’ill  (In  b(  nt  ill  xrlinnl?  and  Which  of  thccc  hoyg  will  do  beet  in  life? 

When  a  child  does  well  in  school,  we  consider  him  to  be  smart.  When  a  child  does  well  on  the  streets, 
when  he  gets  himself  out  of  complex  situations,  we  consider  him  to  have  street  smarts.  The  ability  to 
apply  the  ready-made  answers  you  have  learned  to  the  que.stlons  at.  hand  is  not  to  be  denigrated,  but  it  Is 
not  creativity  Those  who  learn  only  the  formulas  don't  create  anything  new  by  doing  so. 

WHO  IS  THINKINCr 

The  problem  is  how  to  think,  and  how  to  teach  a  child  to  think  for  himself.  We  will  approach  this 
problem  from  the  rather  unusual  perspective  of  Artificial  Intelligence  (AI).  Although  AJ  is  a  rather  arcane 
branch  of  Computer  Science,  it  is  not  necessary  to  understand  anything  about  either  AI  or  computers  to 
understand  our  premise.  In  fact,  what  AI  ha.s  to  contribute  to  this  discussion  is  simply  one  question, 
namely  the  question  that  every  AI  researcher  asks  himself  every  day:  How  would  I  get  a  machine  to  do 
thdty 

I^ei ’s  consider  our  two  childhood  problems  again  in  the  light  of  this  question.  Suppose  we  wanted  a 
computer  to  answer  the  two  questions.  How  do  you  get  out  of  situation  where  someone  much  bigger  than 
you  i.t  chasing  youY  and  In  a  right  triangle  with  sides  S  and  f,  what  is  the  length  of  the  hypotenuse? 

For  a  computer,  the  second  question  is  trivial  in  comparison  to  the  first  one.  There  are  basically  two 
issues  involved  in  leaching  a  computer  lo  answer  the  second  question.  The  first  is  teaching  the  computer 
to  iind'Tstand  llie  ICngli.sh  used  in  exjiressing  the  second  question.  This  is  difficult  but  not  really  all  that 
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complicated  because  the  lOnglisli  In  that  example  is  fairly  stmlghtrorward.  In  fan.,  as  long  ago  as  twenty 
years  ago.  programs  were  written  that  could  understand  algebra  word  problems  far  more  complicated 
than  this  one. 

The  second  Issue  Is  the  formula  for  answering  the  second  question.  I'utting  that  formula  Into  a 
computer  program  Is  so  trivial  that  anyone  with  the  slightest  bit  of  programming  knowledge  coidd  do  It 
in  a  matter  of  minutes.  Thus  equipped,  our  computer  could  answer  problems  about  right  triangles  (no 
more  and  no  less)  endlessly. 

So,  what  does  this  tell  us  about  our  three  boys  above?  It  says  that  while  the  boy  who  had  learned  the 
formula  was  best  equipped  to  handle  the  problem,  and  all  future  problems  of  the  same  type,  he  simply 
did  not  have  to  think  at  all.  He  was  thinking  only  in  the  trivial  sense  of  that  term  that  we  also  ascribe  to 
today’s  computers.  (The  question  of  whether  computers  could  ever  think  in  a  more  human  way  is  not 
relevant  here.  For  a  discussion  of  that  question,  sec  jSchank  84].  The  short  answer  to  the  question  Is  yes, 
in  principle,  but  applying  formulas  is  certainly  not  an  example  of  thinking.)  If  all  we  want  our  children 
to  do  is  apply  ready-made  formulas  or  spout  correct  answers,  we  will  end  up  with  very  unimaginative 
young  people.  We  are  not  recomtnending  against  the  learning  and  application  of  formulas  where 
applicable.  What  we  are  concerned  about  right  here  is  analyzing  and  evaluating  the  thought  processes 
that  each  of  these  boys  used. 


In  a  fundamentally  important  way  each  of  these  t)oys  has  made  an  unconscious  decision  about  how 
creative  he  intends  to  he.  The  reason  for  tills  is  tliat  the  schools  have  elected,  again  unconsciously,  to 
reward  tlie  lejtst  creative  type  of  rea.soning,  namely,  applying  a  ready-made  formula  or  rule.  We  shall 
now  explore  the  issue  of  reasoning  types  in  greater  depth. 

REASONING  TYPES 

lO.ich  of  ttiese  boys  is  applying  a  different  method  of  reasoning  which  we  shall  call  in  turn: 

i<i:,\s()MN(;  in’  ni;.\iiNoiN<i 
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ben  Hie  fii-^t  boy  ll•membe^s  that  iher-  i-^  a  a.I.r.  triangle  he  is  taking  a  sliort  rut  to  the  right  answer. 
He  nee.i  not  Kiiow  I  he  formula  to  get  the  right  answer  in  this  ra.se  and  thus  he  may  well  fail  to  gel  the 
answer  in  more  conuilicated  examples  On  the  other  hand,  he  may  realize  that  the  3.4.f)  relationship 
expresses  what  is  captured  by  llie  rormnla.  Init  in  a  different  way.  In  an.v  ease,  he  was  .able  to  solve  this 
proldem,  because  of  wliai  we  might  call  n  r/iiiid  ntrtnnrii.  He  recalled  the  right  answer,  or  to  |)Ul  it  another 
wa,\.  Ii''  wa.s  reminded  of  the  rigid  answer. 
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This  is  a  rather  simple  example  of  REASONING  BY  REMINDING.  A  more  complicated  example  is 
illustrated  by  the  rollowing:  Suppose  you  were  asked  which  candidate  for  President  was  most  likely  to 
make  peace,  the  eabre-rattling  hawk  or  the  let's  withdraw  the  troops  liberal?  You  might  respond  that 
you  were  reminded  of  Richard  Nixon.  You  might  argue  that  he  was  virulantly  anti-communist  but  yet 
was  the  first  to  go  to  China.  You  might  reason  that  maybe  candidates  tend  to  do  the  opposite  of  what 
they  say.  This  might  remind  you  that  Lyndon  Johnson  was  the  peace  candidate  during  the  early  stages  of 
the  Viet  Nam  War.  This  Is  an  example  of  REASONING  BY  REMINDING. 

The  second  boy  was  REASONING  BY  RliLE  APPLICATION.  Simply,  he  learned  a  rule  and  applied  it. 
When  the  rule  is  iron-clad,  like  this  one  is,  that  Is  often  the  best  method  of  solving  the  problem. 
(Although  even  here  that  method  took  a  little  longer  than  the  first.) 

There  are  a  great  many  rules  like  the  Pythagorean  Theorem  In  dally  life.  They  do  not  exist  solely  in 
mathematics.  These  rules  are  called  proverbs  or  cliches,  depending  on  their  presumed  profundity.  So. 
when  a  person  takes  vitamins  every  day  he  may  be  living  (consciously  or  unconsciously)  by  the  rule;  an 
ounce  of  prevention  is  worth  a  pound  of  cure.  Or  when  a  child  walks  away  from  people  who  are  taunting 
him.  he  may  yell  back  sticks  and  stones  may  break  my  bones  but  names  will  never  harm  me.  Much  of 
our  lives  are  governed  by  "rules*  such  as  these,  and  It  Is  neither  right  nor  wrong  to  do  so.  At  times  these 
rules  form  perfectly  sound  advice.  The  problem  for  the  creative  reasoner  is  being  able  to  reason  when 
there  are  no  rules  available  or  when  the  available  rules  are  for  some  reason  inappropriate. 

'I’lie  third  boy  was  RICASONINfi  BY  ASKING.  In  other  words,  lie  really  didn’t  know  when-  i.o  start, 
and  he  w,a.s  flgitring  It  out  by  asking  liim.scif  a  .set  of  <)ue.si}oiis  to  guide  his  reasoning  This  Is  of  course, 
what  he  was  doing  in  the  bicycle  example  as  well.  Now  the  (iue.stlon  Is;  what  arc  we  doing  when  we  are 
just  figuring  it  outl 

THE  VALUE  OF  FIGURING  IT  OUT 

How  do  we  get  a  computer  to  figure  it  out?  We  ask  this  question  here  not  because  the  Issue  of  getting 
computers  to  think  is  intrinsically  important,  but  rather  because  by  reference  to  that  question  we  can 
begin  to  see  the  complexity  of  the  processes  Involved.  What  would  it  mean  to  give  a  computer  the  rules 
for  figuring  something  out?  What  would  those  rules  look  like?  What  kind  of  background  knowledge  would 
a  computer  have  to  have  so  that  it  could  figure  things  out? 

Most  important,  of  course.  Is  how  people  figure  things  out.  What  does  our  boy  have  to  know  In  order  to 
reason  his  way  out  of  trouble  or  in  order  to  figure  the  answer  to  a  question  In  mathematics?  In  our 
research,  we  deal  with  the  specifics  of  how  people  reason.  We  al.so  deal  with  the  question  of  how  we  can 
learn  to  reason  better.  As  part  of  the  answer  to  this  second  question,  we  must  examine  why  it  Is  better,  in 
the  long  run,  to  figure  something  out  than  simply  to  recall  the  answer. 
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Let's  put  this  another  way.  Is  our  boy  better  off  because  he  failed  to  learn  the  ronniilH'!’  Will  he  have  a 
better  chance  of  being  a  creative  individual  in  later  life  if  he  learn.s  the  formula,  memoriziw  l•xempla^s,  or 
Just  brings  his  basic  reasoning  powers  to  bear  whenever  he  Is  confronted  with  a  problem? 

Our  .system  of  education  stre.sses  the  learning  of  the  formula.  If  you  do  not  believe  that  this  Is  .so.  ask 
yourself  If  you  learned  the  formula  noted  above  (known  as  the  Pythagorean  Theorem).  Most  everyone 
who  completed  an  academic  high  school  e<lucation  learned  this  theorem.  Now  ask  why  you  learned  it? 
Wliat  value  did  it  have  in  your  later  life?  Did  you  use  it  again  (except  when  helping  your  children  with 
their  math  hontework)? 

It  seems  obvious  that  the  reason  to  learn  a  formula  Is  the  .same  reason  that  we  have  for  writing  a 
computer  program  to  follow  a  formula.  That  Is.  to  the  extent  that  we  ourselves  embody  tight  repetitive 
procedures,  to  the  extent  that  we  need  to  u.se  a  formula  again  and  again,  that  is  the  level  of  Importance  of 
learning  that  formula.  Dtit,  of  course,  in  the  computer  age.  even  that  need  has  vanished.  There  can  be 
little  justification  for  learning  any  formula  as  long  as  there  exist  machines  that  can  slavishly  do  these 
computations  for  us. 

There  Is  an  exception  to  this  of  course.  Becau.se  we  have  hand  calculators  available  to  us  Is  no  reason 
for  falling  to  learn  to  add.  Why?  Because,  we  need  to  understand  first  principles  In  order  to  reason  for 
ourselves.  In  order  to  RIvASON  B'^i'  ASKfNC;  we  must  have  at  our  disposal  the  basic  questions  to  ask.  In 
other  words,  we  must  know  how  l.o  add  to  understand  multiplication,  we  must  understand  multiplication 
In  order  to  understand  division,  and  so  on.  But,  a  formula  Is  not  a  basic  tool  of  asking.  It  Introduces  no 
new  concepts,  but  merely  applies  some  old  ones. 

Schools  have  been  teaching  formulas  for  a  long  time  now.  In  the  computer  age.  teaching  children  to  do 
what  computers  can  do  makes  little  sense.  Rather,  we  must  teach  children  to  do  what  computers  cannot 
do.  And.  if  In  some  years  computers  equal  the  achievements  of  these  children,  if  creative  thought  becomes 
formulaic  in  nature,  then  at  least  the  ecniation  of  people  with  computers  will  be  on  a  higher  plane  than  it 
is  now. 

THERE  ARE  NO  RIGHT  ANSWERS 

How  then  do  we  teach  creative  reasoning'*  The  first  thing  we  heave  got  to  do  is  to  get  over  the  idea  that 
there  are  right  answers  to  questions.  Our  boy  on  his  bicycle  didn't  need  the  right  answer,  he  needed  nn 
answer.  There  may  have  been  other  belter  answers,  but  the  one  he  selected  worked  and  that's  what 
mattered  most  at  the  time. 


Further,  in  the  geometry  class,  the  boy  who  did  the  best  was  again  our  boy.  because  he  was  the  one  who 
tried  to  figure  it  out.  You  can  be  sure,  however,  that  few  teachers  would  see  it  that  way.  In  school  we 
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expect  answers  to  questions.  We  want  facts.  Wc  ask  who  discovered  Aineilca  and  want  (,lic  name 
Columbus,  not  some  liedgtng  about  Vikings,  or  comments  about  American  Indians.  We  are  a  fael.-orlented 
society.  Schools,  as  they  are  presently  constituted  in  the  United  Stales  have  one  primary  purpose 
educationally,  and  that  is  the  effective  performance  of  their  students  on  standardized  tests. 

There  clearly  are  other  functions  of  srhools,  .such  as.  keeping  kids  off  tlie  street,  providing  a  mechanism 
for  social  assimilation,  teaching  children  a  eommon  set  of  facts  about  the  world,  and  Introducing  students 
to  the  need  to  gel  along  within  a  bureaucracy  (that  is,  school  itself).  Underlying  all  of  these  functions 
should  be  aldlity  to  reason  and  think.  'I'hls  clear  and  unifying  focus  Is  usually  lost  in  the  attempt  to  score 
well  on  tests. 

Children  arc  taught  frotn  the  very  early  grades  that  there  are  right  answers  and  that  they  will  be 
rewarded  for  getting  as  many  of  them  as  possible.  And  what  of  our  creative  bicyclist?  He  may  well  fail  iti 
school  because,  althougli  he  can  figure  things  out  for  himself,  he  will  get  the  wrong  answer  a  great  deal. 
He  may  do  poorly  on  standardized  tests  and  feel  very  frustrated  in  school. 

What  should  we  do?  We  should  learn  about  what  it  means  to  think.  Schools  cannot  teach  thinking  If 
they  don't  know  what  it  means  or  how  to  do  it.  None  of  us  have  been  taught  to  think  (at  least  not  in 
school),  so  very  few  people  really  can  think  very  creatively. 
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2.  Teach  Questions,  not  Answers 

To  (tivr  a  Klinipsr  of  llic  lliriisl  of  oiir  work,  wo  shall  dlsruas  soiiw^  Ideas  aboiil.  tlilnkliiK  aixl  creativity. 

ITobahly  the  mast  siKHiricaiit  thing  one  can  say  about  thinking  Is  that  It  is  Inspired  by  questions.  In 
many  rases,  as  In  the  bicycle  example  above,  these  questions  can  come  from  the  real  needs  of  everyday 
llfi'  So.  If  one  Is  frequently  asked  questions,  or  to  put  it  another  way.  If  one  frequently  comes  upon 
sit iiai ions  that  arc  out  of  the  ordinary  that  pose  problems,  one  will  get  lots  of  practice  in  thinking. 

The  srlux)l  situation  could  be  an  acceptable  format  for  the  asking  of  questions,  but  as  long  as  formulaic 
answers  satisfy  the  questions,  then  the  questions  are  not  of  any  use.  Further,  questions  where  there  is  one 
and  only  one  right  answer  are  of  no  use  in  stimulating  thinking.  To  think,  one  must  learn  to  Justify  one’s 
answers  In  front  of  a  severe  and  respected  critic.  This  can  be  your  spouse,  a  teacher,  or  even  your  child, 
but  it  must  be  someone  who  Is  willing  to  argue  with  you.  It  is  necessary  to  be  able  to  Justify  your  answer. 
If  you  cannot,  you  have  not  answered  the  question. 

We  propose  that  learning  to  tliink  in  a  creative,  stimulating  fashion  requires  learning  to  be  inqnl.sltlve. 
Specifically. 

1.  You  must  be  asked  questions,  either  by  yourself,  others,  or  by  situations  you  encounter. 

2.  These  questions  must  be  out  of  tlie  ordinary.  If  you  have  been  asked  this  question  before,  such 
that  answering  it  requires  no  more  than  ntentally  looking  up  the  answer,  the  question  won’t 
help  you  think. 

3.  Someone  whom  you  respect  must  evaluate  your  answer. 

Student  learning  --  Intrinsic  and  Extrinsic  Motivation 

In  education  circles  today,  there  is  much  discussion  of  the  student  learning  problem.  Simply  pul,  how 
do  you  get  students  to  learn  subjects  that  they  don’t  care  about?  A  typical  example  of  the  student 
learning  problem  is  high  school  physics.  Very  few  high  school  students  seem  to  be  excited  by  the 
traditional  introductory  physics  curriculum. 

As  a  matter  of  fact,  this  is  not  a  problem  that  seems  to  occur  in  our  experience  with  either  graduate 
students,  on  the  one  hand,  or  young  children  (ages  2  through  8),  on  the  other.  Why?  At  these  opposite 
ends  of  the  educational  spectrum,  there  seems  to  be  little  in  common,  except  the  most  important  factor: 
they  want  to  learn.  They  enjoy  thinking  about  new  concepts.  Young  children  and  Ph.D.  candidates  are 
both  excited  by  ideas.  They  want  to  kiu)w  stuff.  They  love  asking  qiiestlons.  They  find  learning 
intrinsically  satlsifying. 

The  problem-solving  nature  of  physics,  combined  with  ihe  accepted  difficulty  in  leaching  the  subject. 
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has  lead  several  researchers  In  cognitive  science  and  artificial  Intelligence  to  look  at  the  underlying 
cognitive  processes  Involved  In  solving  physics  problems  [Larkin  et  al.  80.  dlSessa  82.  Larkin  83.  Heller 
and  Relf  84.  Anzal  and  Yokoyama  84].  These  researchers  have  analyzed  subjects’  behavior  In  detail  and 
created  computer  models  of  the  behavior.  While  this  research  Is  useful  and  Interesting,  It  doesn’t  address 
the  basic  ((uestlon  of  how  to  motivate  students  to  learn  physics  In  the  first.  i)lace.  Moreover,  It  doesn’t 
l.oiicli  on  the  nei-d  to  stimulate  rrrali^'r  thinking. 

What  currently  motivates  most  of  our  high  scIkkjI  stmlents?  tirades.  Srorea  on  standardized  tests 
tlass  rank.  Cetllng  Into  the  college  of  your  first  chohe.  Students  not  headed  for  college  may  simply 
want  to  graduate,  to  get  a  diploma.  Thus,  the  grade  often  becomes  the  end  in  Itself.  The  refrain  of  Is 
this  going  to  be  on  the  exam?  usually  means:  Do  I  have  to  pay  attention  to  what  you  're  saying?  So  what? 
Shouldn’t  a  high  school  student  still  want  to  learn  physics  to  make  an  A?  (or  just  to  pass?)  Maybe,  but 
these  are  all  extrinsie  motivations.  Psychological  research  has  demonstrated  that  students  tend  to  learn 
better  when  motivated  inlrinsirally.  than  when  given  extrinsic  movitation  (Lepper  and  M.alone 
8,5.  Malone  and  Lepper  85] 

What  goes  on  In  a  physics  course?  The  student  learns  lots  of  formulas,  and  rules  to  recognize  when  to 
ai)ply  which  formula.  If  there  Is  a  laboratory  as.sorlated  with  the  course,  the  sttident  gets  an  opportunity 
to  witness  that  the  formulas  are  pretty  accurate,  except  of  course  If  the  student  makes  a  mistake.  Then 
the  formula  still  must  be  correct,,  and  tlie  student  knows  that  his  cxiterlmental  technique  Is  poor  (and  so  Is 
his  grade,  most  likely).  What  does  tlie  sludetii  learn?  He  learns  to  IllOAKON  HY  IIULIO  APPLK 'A’l’KiN. 
As  we  have  argited  above,  this  a|>proach  to  thinking  Is  basic,  btit  limited.  What  the  .student  doe.s  not 
learn  Is  to  he  creative.  'I'lte  problem  .vdving  paradigm  obviates  creativity.  Furthermore,  this  rule 
application  approach  to  teaching  science  has  a  fundamental  preml.se  which  Is  unfounded  and  even 
damaging,  tiamcly,  that  scientists  know  what  the  right  answer  Is.  ’Phis  assumption  of  correctness  and 
precision  In  physics  and  other  sciences  Is  very  misleading  and  one  that  Is  readily  questioned  by  actual 
practitioners.  Still,  science  educators  cling  to  the  crutch  of  the  right  answer. 

.An  alternative  can  be  found  In  a  literature  or  philosophy  course.  In  these  fields,  the  notion  of  a  right 
answer  has  largely  been  discarded.  What  is  the  right  interpretation  of  Hamlet"!  What  Is  freedom?  What 
can  be  known?  Philosophers  often  delight  in  arguing  tlie  same  question  from  two  opposing  points  of  view 
(or  three  or  four  or  five  points  of  view  )  'rtie  archetype  of  this  style  of  reasoning  Is  the  great  philosopher 
•Socrates  Socrates  didn’t  give  his  stud'-nis  answers  He  gave  them  questions.  In  doing  so.  he  taught 
them  how  to  ask  questions  themselves,  and  how  to  think 

Discussion-based  teaching  has  become  widely  accepted  In  English,  history  and  other  humanities.  In 
the.se  fields,  there  Is  much  less  concern  with  the  student  leartting  problem,  and  we  subtnlt  that  this  is  not 
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merely  a  coincidence.  The  interactive  nature  of  discussions  provides  the  student  witli  greater  involvement 
in  llie  material  and.  most  Importantly,  with  Intrinsic  motivation  'I’he  prolilem-soIvliiK  paraillKin  typical 
of  pliysicM  is  more  remoliv 

Imagine  then,  a  Socratlc  dialog  atiout  physics.  The  teacher  would  not  he  there  to  write  a  proof  oti  the 
blackboard  demonstrating  the  veracity  of  some  formula.  The  instructor  would  raise  questions  about 
physical  phenomerna.  and  stimulate  the  students  to  ask  questions  of  their  own.  The  students  shouldn't  be 
handed  the  accepted  wisdom  without  first  understanding  why  it  is  Important  In  the  first  place.  To  the 
student,  the  question  should  be  Why  does  the  world  behave  in  thie  nuty'/.  It  is  much  better  for  the  subject 
matter  to  stimulate  the  students  to  Investigate  and  ask  more  questions,  than  to  provide  merely  extrinsic 
goals  that  prompt  the  student  to  ask  Is  this  going  to  be  on  the  exam? 

(ireal.  hut  how  do  you  teach  students  to  ask  (|uestlons?  How  can  students  be  trained  to  generate 
hypotheses?  VVe  offer  two  answers.  first.  l<K)k  at  results  from  A1  In  making  computers  generate 
hyi)oth(!ses.  Second,  use  interactive  comixiter  programs  to  allow  the  students  to  ti‘St  hypotheses. 

Creative  Computers 

for  the  p.ast  1 1  years,  the  Yale  .Artificial  Intelligence  Project  has  produced  pioneering  research  in 
developing  cotnpttler  models  of  human  cognitive  behavior.  A  wide  variety  of  theories  and  models  have 
been  explored. 

•  progratns  that  atialyse  the  conceptual  content  of  natural  language  texts  [Hlesbeck  and  Schank 
70.  (iershman  7tl.  <irang(-r  00.  Iliesbeck  and  Vlartin  S5| 

•  iirograms  for  writing  stories  on  their  own  |Meehan  76| 

•  programs  for  reading  newspaiter  headlines  and  stories  ISchank  and  .Abelson  77.  t.'ulllngford 
70,  VVIlensky  70.  DeJong  70] 

•  progratns  that  translate  texts  from  one  language  to  another  |<'arbonell  et  al.  78.  Lytlnen  and 
Schank  02,  l.yilnen  04j 

•  programs  that  answer  questions  given  in  normal  ICnglish  ii.ehnert  78,  Dyer  82| 

•  ijrogranis  that  can  learn  language  ISelfridge  00' 

•  computer  models  of  human  memory  organization  [Schank  79,  Lehnert  79,  Kolodner  80] 

•  models  of  learning  |l,ebowitz  80,  Schank  00.  Schank  81.  Schank  82] 

Our  work  In  ,\l  has  always  focussed  on  the  b.asic  question:  how  does  the  human  mind  work?  In  each  of 
the  c.ases  cited  above,  we  have  trie<l  to  isolate  certain  juspects  of  human  cognition  and  model  them  with 


computer  programs 
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One  of  the  most  fundamental  insights  of  this  work  has  been  the  recognition  of  the  central  role  ihat  past 
experience  plays  when  faced  with  understanding  a  new  situation.  'I'hat  l.s.  people  are  reminded  of  past 
events  when  solving  a  new  problem.  The  new  situation  most  likely  will  not  be  I'xaelly  like  llie  prior 
siluaiion.  but  there  might  lie  inough  overlap  to  provide  useful  informal  ion 

We  referred  to  this  type  of  thinking  earlier  as  KIOASONINfi  IIY  If KMINDINti.  We  have  explored  this 
type  of  creative  reasoning  in  AI  research.  An  cxamiile  from  an  AI  program  may  serve  to  Illustrate  the 
importance  of  reminding,  asking  questions,  and  explanation. 


2.1  CHEF  -  An  example  of  Reasoning  by  Reminding  and  Asking 

t  ill;!'  jHammond  Hl|  Is  a  computer  program  which  generates  original  plans,  (which  take  the  form  of 
recipes),  itf  the  domain  of  cottking,  by  modifying  existing  plans.  It  demonstrates  how  episodic  knowledge 
can  be  used  to  guide  planning  and  avoid  past  failures. 

When  presented  with  a  prolilem.  how  to  prepare  a  certain  dish,  the  program  is  reminded  of  previous 
related  recipes.  It  modifies  the  most  similar  previous  recipe  to  fit  the  new  requirements,  and  then  tries 
out  the  new  recipe  (It  does  Ibis  through  a  simulation  involving  rules  which  specify  the  physical  effects  of 
each  ste()  of  th<’  cooking  proce.ss.)  The  resiiKs  are  then  examined  to  .sei-  if  they  match  the  Intended  dish. 
If  the  program  recognizes  a  failure ,  it  thru  tries  to  analyze  and  explain  the  failure  through  a  process  of 
reasoning  by  asking  (|uestions.  Finally,  the  (irogram  modifies  the  recipe  in  light  of  Its  explanation  to 
correct  i he  failure. 

In  the  following  exanqile,  the  program  has  l>een  asked  liy  the  u.ser  to  make  a  .souffle  with  strawberries. 

We  (tresent  actual  output  from  the  program  with  annotation. 

Searching  for  plan  that  satisfies  - 
Include  strawberry  In  the  dish. 

Make  a  souffle. 

Found  recipe  ->  REC4  VANILLA-SOUFFLE 

Recipe  exactly  satisfies  goals  -> 

Make  a  souffle . 

Recipe  must  bo  altered  to  match  -> 

Include  strawberry  In  the  dish 

Building  new  name  for  copy  of  VANILLA-SOUFFLE  based  on  Its  goals. 

Calling  recipe  STRAWBERRY-SOUFFLE 


>0  the  program  Is  reminded  of  a  previous  related  recipe  for  Vanilla  Souffle  It  then  copies  and  modifies 
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tlif  III  l|ii’  III  add  !^(.rHwtll•^l■|^'^  'I'ln'  I'lnnimler  slinnlalcs  the  I'xeciil  Imi  of  Mn-  |■l•^l|H•  in  nif  If  |(,.s  Koalu  an' 
Hiillsflrd  It  dIsioverH  dial  inoal-  of  tin'  noala  are  iiii-l.:  the  lialt.er  In  liaked.  (.lie  disli  liial.es  like  lierrles.  i.lie 
dl.sli  l.s  .sweet.,  ei.r.  However,  there  are  some  Import :int.  goals  l.hat  failed. 

Checking  for  negative  features  -> 

Unfortunately:  The  batter  Is  now  a  bad  texture. 

In  that:  The  batter  Is  now  flat 

Recipe  ->  STRAWBERRY -SOUFFLE  has  failed  goals. 

The  goal:  The  batter  Is  now  risen. 

Is  not  satisfied 

Changing  name  of  recipe  STRAWBERRY-SOUFFLE 
to  BAD-STRAWBERRY-SOUFFLE 


The  program  now  tries  to  learn  from  this  failure  by  asking  (piestlons  and  explaining  why  the  failure 
happened. 

ASKING  THE  QUESTION  'What  is  the  failure?' 

ANSWER-?  The  failure  Is:  It  Is  not  the  case  that:  The  batter  Is  now  risen. 

ASKING  THE  QUESTION:  'What  Is  the  preferred  state?’ 

ANSWER-?  The  preferred  state  Is:  The  batter  la  now  risen. 

ASKING  THE  QUESTION  'What  was  the  plan  to  achieve  the  preferred  state?’ 

ANSWER-?  The  plan  was:  Bake  the  batter  for  twenty  five  minutes. 

ASKING  THE  QUESTION:  ’What  were  the  conditions  that  led  to  the  failure?’ 

ANSWER-?  The  condition  was  There  Is  an  Imbalance  between  the  whipped  stuff 
and  the  thin  liquid. 

^*.^i*mm****m*  noting  balance  failure  ♦•*♦•♦♦*•*** 

Only  one  aspect  of  the  Imbalance; 

There  Is  an  Imbalance  between  the  whipped  stuff  and  the  thin  liquid. 

Is  unexpected 

The  state: 

There  Is  whipped  stuff  In  the  bowl  from  the  total  equaling  60  teaspoons, 
normally  participates  In  the  goal 
The  batter  Is  now  risen. 

Only  the  other  aspect  of  the  Imbalance: 

There  Is  thin  liquid  In  the  bowl  from  the  strawberry  equaling  2.4  teaspoons 
Is  an  unexpected  condition 


Tim  program  continues  its  analysis  and  eventually  derides  to  modify  the  reripe  to  reduce  the  imbalance 
between  the  whlpiied  egg  whites  and  the  lliinid  from  the  strawberry  mixture.  ’Phe  program  uses  a 
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Thematic  Organization  Packets  (TOPs  |Scltank  82|)  to  make  Ihe  liiKli  level  ;ussoclatlon  nicessary  to  alter 
the  plan.  It  has  five  strategies  whicli  it  considers. 

Found  TOP  T0P3  ->  SIDE-EFFECT: DISABLED-CONDITION: BALANCE 
TOP  ->  SIDE-EFFECT: DISABLED-CONDITION  BALANCE  has  5 
strategies  associated  with  It 

USE-DIFFERENT-PLAN : PLANl 
USE-DIFFERENT-PLAN : PLAN2 
ADJUNCT- PLAN 
RECOVER 

ADJUST-BALANCE 

Applying  TOP  ->  SIDE-EFFECT : DISABLED-CONDITION : BALANCE 
to  failure  It  Is  not  the  case  that:  The  batter  Is  now  risen. 

In  recipe  BAD-STRAWBERRY-SOUFFLE 

Asking  questions  needed  for  evaluating  strategy  USE-DIFFERENT-PLAN : PLANl 
ASKING  -> 

Is  there  an  alternative  to 
Pulp  the  strawberry, 
that  will  enable 

The  dish  now  tastes  like  berries, 
which  does  not  cause 

There  is  thin  liquid  In  the  bowl  from  the  strawberry  equaling  2.4  teaspoons 

Found  plan:  Instead  of  doing  step:  Pulp  the  strawberry 
do:  Using  the  strawberry  preserves. 


Tile  program  coniinues  to  evaiuate  the  otlier  four  strategies,  compares  the  resuits,  and  finaily  decides  to 

apply  the  AD.Il'ST-HALANCK  strategy,  which  in  this  case  means  to  add  more  egg  whites. 

Changing  name  of  recipe  BAD-STRAWBERRY-SOUFFLE 
to  STRAWBERRY-SOUFFLE 

Implementing  plan  ->  Increase  the  amount  of  egg  white  used. 

Suggested  by  strategy  ADJUST-BALANCE 

New  recipe  Is  ->  STRAWBERRY-SOUFFLE 

STRAWBERRY-SOUFFLE 

Two  teaspoons  of  vanilla 
A  half  cup  of  flour 
A  quarter  cup  of  sugar 
A  quarter  teaspoon  of  salt 
A  half  cup  of  milk 
Two  cups  of  milk 
One  piece  of  vanilla  bean 
A  quarter  cup  of  butter 
Five  egg  yolks 
Six  egg  whites 
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One  cup  of  strawberry 

Mix  the  flour  with  the  sugar  and  salt 
Mix  the  ffllllc  with  the  mixture  of  sugar,  salt  and  flour 
Boll  the  milk  and  vanilla  bean  for  less  than  a  half  minute 
Remove  the  vanilla  bean  from  the  milk 

Mix  the  mixture  of  milk,  sugar,  salt  and  flour  with  the  milk. 

Simmer  the  mixture  of  milk,  sugar,  salt  and  flour  for  five  minutes. 

Whip  the  egg  yolk. 

Add  the  butter  and  mixture  of  egg  yolk  to  the  mixture  of  milk,  sugar,  salt 
and  flour. 

Cool  the  mixture  of  egg  yolk,  milk,  sugar,  salt,  flour  and  butter. 

Whip  the  egg  white . 

Add  the  vanilla  and  mixture  of  egg  white  to  the  mixture  of  egg  yolk,  milk, 
sugar,  salt,  flour  and  butter. 

Pulp  the  strawberry. 

Mix  the  strawberry  with  the  spices,  egg,  milk,  salt,  flour  and  butter. 

Pour  the  mixture  of  egg,  spices,  strawberry,  salt,  milk,  flour  and  butter 
Into  a  nine  Inch  baklng-dlsh. 

Bake  the  batter  for  twenty  five  minutes. 


If  this  plan  Is  successful,  the  following  should  be  true; 


The  batter  Is  now  baked. 

The  batter  Is  now  risen. 

The  dish  now  tastes  like  berries. 

The  dish  now  tastes  sweet 

The  dish  now  tastes  like  vanilla. 


Once  all  new  Interactions  have  been  validated,  the  new  recipe  Is  Indexed  In  the  data  base  In  terms  of 
those  interactions.  When  the  program  Is  then  given  the  task  of  creating  a  raspberry  souffle,  it  is 
reminded  of  (he  dl.-ih  it  just  created  and  produces  a  new  recipe  which  has  no  failures.  The  program  has 
learned  t)y  .asking  questions  and  Irelng  creative 

The  (  HF,K  program  illustrates  explicitly  what  we  niean  by  HKASONING  BY  REMINDING.  The 
[jrogram  was  presented  with  a  situation  for  which  it  had  no  exact  previous  match.  It  was  reminded  of  a 
siniil.ir  previous  ca.se,  and  used  that  .as  the  Icusis  for  solving  the  new  problem.  In  the  course  of  adapting 
that  previous  case  to  fit  the  new  situation,  die  program  encountered  several  additional  problems,  but  was 
able  to  respond  to  those  on  the  ti.asis  of  previous  ca.ses  as  well.  This  is  an  example  of  creative  rea-sonlng. 
When  it  encountered  failures,  the  program  was  able  to  REASON  THROUGH  ASKING.  That  is,  it 
exidained  the  failures  t  hrough  a  quest  ion- ba.sed  rea.soning  chain.  Both  of  these  r  >ning  mechanisms 
contriiiute  lo  the  creativity  of  the  program 
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2.2  Computers  as  Teachers  of  Reasoning  through  Asking 

Karllcr.  we  discussed  the  need  for  teachers  to  stimulate  students  to  ask  <iuestlons.  We  feel  that  in  many 
ways,  computers  are  well  suited  for  this  role.  Computer  programs,  as  demonstrated  by  CHEF',  can 
capture  knowledge  In  restricted  domains  and  reason  about  tltat  knowledge.  Computers  can  relate  prior 
experiences  to  new  situations 

V\  hat  we  ask  of  our  computer  teariier  is  to  stimulate  ihe  student  to  ask  (luestions  Ttie  basic  cycle  for 
I  lie  interaction  would  be: 

I  t  omiuiter  jioses  difficult  t^uestlon  —  for  which  there  may  be  tio  rigid,  answer, 
student  generates  a  hypothesis. 

3  (  omputer  responds  with  a  counterexample  from  its  data  liase  of  remindings. 


I  hen.  the  student  must  revise  the  hypothesis,  and  the  cycle  continues.  Note  that  a  central  part  of  this 
process  is  the  student  fails  to  get  the  right  answer.  The  computer  is  continually  trying  to  point  out  holes 
in  the  student's  answers.  W'e  miiintain  that  a  coinjiuter  can  get  away  with  this,  but  a  teacher  in  a 
classroom  can't.  The  reason  is  simple,  luit  compelling:  the  computer  is  not  Judgmental.  Children 
lecognlze  iliat  there  is  no  social  stigma  attached  to  being  corrected  liy  a  computer  (especially  If  everyone 
i.s  treated  that  way).  However,  children  are  very  sensitive  to  the  attitudes  of  teachers  and  other  students. 
No  child  wa'ds  to  be  cotitinually  singled  out  as  unable  to  answer  a  (juestlon.  The  computer  has  greater 
latitude. 

< 'omputers  offer  students  a  great  and  important  luxury:  the  opportunity  to  fail.  As  we  have  written 
before  ISchank  81  [.  failure  plays  a  critical  role  in  the  basic  cognitive  mechanism  of  learning.  In  de.scribing 
tile  cognitive  proceas  involved  in  understaniling  a  new  situation,  we  suggested  the  following  procedure  for 
utuler.standing  social  situations: 

I  I  tlllze  the  appropriate  higli-level  ktiowlcdge  structure  to  jirocess  Input,  (e  g.,  scripts,  plans, 
etc  i.Scliank  atid  Abelson  77|) 

i;  When  an  expectation  generated  liy  those  structures  fails,  attempt  to  explain  the  failure. 

3  'to  explain  the  failure  of  anotiier  person  to  act  according  to  your  predictions,  attempt  to 
figure  out  his  or  her  beliefs.  This  incliKles: 

a  .^.s.sessing  the  imiilicit  beliefs  tliat  you  expect  liim  or  her  to  hold  in  that  situation 

b  I’rorliicing  an  alternative  tielief  tliat  tlie  actor  might  hold  by  combining  your 
a-ssiimptions  with  the  actor's  behavior 

1  1  se  the  ..Mternat ive  Helief  .as  an  index  to  memory  to  find  other  memories  previously  classified 
Wiili  Itie  Alternative  llelief 
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5.  Cse  the  other  features  of  the  episode  as  additional  indices  with  the  range  of  behavior  delimited 
by  the  Alternative  Hellef  to  find  an  actual  tnemory  to  be  used  for  generalization  and 
modification  of  predictions, 

in  iiIIhi  wolds,  peoph'  mIv  on  [la.sl  experleiiei'  to  iiuilersl  and  new  slliiallons  I’revlous  episodes  provide 
predirilons  whieli  can  be  aiiplied  to  new  eases.  Sruiieiinies  a  prei|)eilon  does  not  work,  that  Is,  the  world 
does  not  always  behave  the  wtiy  you  exited  It  to  behave.  It  Is  tlu'se  fxjxdtiliim  failures  which  provide 
■an  opportunity  for  learning  'Phese  failures  should  stimulate  the  person  to  explain  what  went  wrong. 
'I'hese  explanations  then  be  used  to  locate  other  previous  experiences  that  may  be  related.  The 
explanation  and  associated  remindings  then  get  incorporated  into  the  knowledge-base  of  prediction,  and 
lielp  to  prevent  the  person  from  repeating  the  failure. 

We  bdieve  this  process  of  FAIh-EXi’LAlN-lJEMlNI)  to  be  basic  to  learning.  Our  educational  system 
should  ( aititalize  on  this  underlying  cognitive  mechanism  by.  in  effect,  providing  opportunities  for  the 
child  to  make  mistakes  and  fail,  without  the  stigma  normally  a.ssociated  with  negative  reinforcement. 
<  otnptiters  provide  a  one-oti-oiie  teaching  environment  which  is  free  from  the  intimidating  effects  of 
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3.  More  Problems:  Computers  in  Schools 

The  following  story  appeared  on  the  front  page  of  the  Suiulay  Nrw  York  Timrs,  December  0.  10H4: 

School’s  Use  Of  Computers  Disappointing 

After  Investing  heavily  In  microcomputers,  public  schools  In  the  New  York  metropolitan  area 
are  finding  that  they  are  still  far  from  achieving  the  academic  revolution  expected  from  the 
new  technology  ... 

Computers  have  arrived  In  classroom.s  across  the  country  amid  very  high  expectations.  In  the  p:isl  '20 
years,  we  have  witnessed  the  dramatic  and  exciting  developments  In  computer  hardware,  resulting  iti  thi' 
wide  avallabllit.v  of  itowerful  machlties  at  a  small  fraction  of  the  cost,  of  the  decades  befon-.  'I'liese  new 
cotni)ut<!rs  were  going  to  change  the  way  children  were  taught,  and  start  a  revolution  in  learning 

The  ob.server  of  the  current  state  of  cotnputers  In  education  will  realize  that  most  of  the  learning  from 
computers  that  has  occurred  is  by  the  teachers  and  administrators  who  have  learned  that  computers  are 
not  Itvitig  up  to  their  early  promise.  Contputers  have  not  transformed  the  schfK>ls  Into  a  technological 
foriitn  of  learning.  The  schools  are  still  having  a  hard  time  teaching  the  bread  and  butter  subjects  of 
reading,  writing,  and  arithmetic.  It,  turns  out  that  the  only  subject  that  absolutely  reipilres  the  use  of  a 
computer  Is  leartiing  about,  t  he  computer  Itself  —  hardly  a  surprising  result.. 


3.0.1  The  Problems  of  Computers  and  Education 

The  substatice  of  t  he  problems  of  computers  In  the  schools  Is  suininarlzeil  accurat.ely  in  t  he  arlh  |e  from 
77ie  /Vein  York  'I'triicn  cited  above. 

•  <  oniputers  are  useil  largely  to  leach  computer  literacy,  and  have  neglected  the  principle  are.as 
of  the  school  curriculum.  Little  is  being  done  to  use  romi>uters  to  enhance  the  regular 
curriculum. 

•  The  biggest  problem  is  the  lack  of  aderpiate  software  for  other  stibjects.  The  availal  h- 
software  does  not  fit  well  into  the  existing  curriculum. 

•  Schools  lack  means  of  identifying  good  software  .-ml  training  teachers  to  use  it. 

•  Most  comimterized  Instruction  Is  lotiiine  drill  ami  practice  (electronic  workbook,  see  below) 
which  is  jirovlng  not  to  be  effective. 

•  School  soflwiire  does  not  fully  utilize  the  power  of  the  machines,  but  insleafi  mimics  other  (less 
expensive)  media,  such  a.s  hooks  or  ovi-rhead  proji'clors. 

(n  spite  of  these  discouraging  deveioiunetits,  \ve  are  jiptimistic  al>out  tlie  future  pf>,ss(|)ilii ies  of  eoiuiuiieis 
in  the  seliools  Today  almost  all  primary  and  secondary  schools  u.se  computers  in  the  (  l.assiooui  \side 
from  the  dis.appolni  inent  due  to  the  lack  of  adeipi.a'e  software.  Iheie  have  heen  iiosiiive  e\p.  rieiiee. 
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Teachers  have  realized  that  when  appropriate  software  Is  available,  computer  exercises  can  be  used  to 
reward  advanced  students  or  to  deal  more  patiently  with  slow  learners. 

The  problems  of  our  schools  tu<lay  are  tremeiulous  and  traKically  underrated  |Sehank  84,  HagoMta  8:i|: 

•  Children  are  not  learnliiK  the  basic  skills. 

•  Children  are  bored  In  school. 

•  .Schools  often  treat  children  as  a  mass  Instead  of  as  Individuals. 

•  Children  don’t  get  enough  personal  attention  from  their  teachers. 

•  Many  teachers  get  bored  and  frustrated  and  stop  caring. 

These  are  major  problems  facing  .society.  It  is  trite,  but  true  to  view  our  children  as  society’s  major 
natural  resource.  Children  must  be  nourished,  encouraged,  and  educated.  The  problems  we  find  in  the 
schools  are  then  not  Just  the  schools’  problems,  but  society’s. 

Computers  can  provide  a  solution,  at  least  in  part,  to  many  of  these  problems. 

»  Computers  can  be  programmed  to  teach  far  more  thoroughly  and  interactively  than  textbooks. 

.Mot  only  can  the  computer  program  ask  questions,  but  the  child  can  ask  the  computer 
questions  In  return.  The  child  can  get  prompt  and  meaningful  feedback. 

•  Computers  can  treat  children  Individually.  A  child  can  have  his  own  computer  teacher  who 
keeps  track  of  his  progress.  A  good  computer  program  can  monitor  the  mistakes  a  child  has 
made  and  focus  on  those  particular  problems. 

•  Computers  can  be  used  by  almost  any  child,  no  matter  how  hyperactive  or  lazy  or  disturbed. 
Children  have  demonstrated  an  amazing  affinity  for  computers  —  given  the  proper  software. 

jbepper  8.5,  Lepper  and  Malone  85.  Malone  and  Lepper  85) 

•  Computers  can  be  excessively  patient  Instructors.  They  don’t  get  bored  or  frustrated  with 
st\idents  or  with  teaching.  They  need  not  punish  or  ridicule  a  student  to  make  him  feel 
inadequate  —  though  current  poorly  designed  educational  software  does  Just  that. 

•  Computers  are  fun  —  or  at  least  they  can  be. 

One  could  probably  make  those  same  arguments  on  behalf  of  some  exceptionally  gifted  teacher.  Most  of 
us  have  been  lucky  enough  to  have  been  exposed  to  such  an  inspirational  and  dedicated  Instructor  at  least 
once  in  our  lives.  Would  that  all  teachers  could  be  like  that.  The  problem  is  that  such  teachers  are  quite 
rare  and  cannot  be  replicated  very  easily. 

It  may  well  he  that  exceptional  educational  software  will  he  very  rare,  hut  fortunately.  It  can  be 
duplicated  In  mass  (|uantltles  and  made  available  to  every  .school  in  the  country  Once  we  build  a  stable 
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of  star  computer  software,  we  can  Ijeniii  to  realize  the  dream  of  providing  outstanding  instruction  to 
every  child. 

Furthermore,  while  we  may  bemoan  the  fact  that  the  .star  teacher  Is  a  rarity,  we  should  also  recognize 
that  soon  any  teacher  may  be  scarce.  We  are  ba.siiig  this  prediction  not  on  a  hope  that  computers  will 
replace  humans,  but  rather  on  the  plain  fact  that  fewer  and  fewer  people  choo.se  to  go  Into  education  as  a 
career.  School  superintendents  and  principals  are  quite  aware  of  the  problems  of  attracting  and  retaining 
good  teachers.  They  realize  that  they  will  have  to  turn  to  the  technology  to  keep  up  with  the  demand. 
In  effect,  education  will  become  less  labor  intensive  an<l  more  capital  intensive. 


3.0.2  BASIC  is  not  basic 

What  has  happened  with  computers  in  the  .schools?  We  see  that  they  are  being  used  largely  to  teach 
something  called  eomputtr  literacy.  In  practice,  this  usually  means  teaching  computer  programming, 
usually  in  IIASIC,  which  is  the  lingua  franca  of  microcomputers.  There  are  three  reasons  why  the 
schools  are  using  computers  to  teach  computer  programming: 

1.  To  provide  the  student  with  a  job  skill. 

2.  'I'o  train  the  student  to  think  logically  and  develop  reasoning  skills. 

,3.  There  Is  nothing  else  suitable  for  which  to  use  the  computer. 

Students  taught  to  program  in  liASlf  by  a  teacher  who  only  recently  learned  a  smattering  of  BASIC 
are  not  getting  much  of  a  leg  up  in  the  job  market  —  especially  if  the  computer  training  is  at  the  expense 
of  the  regular  subjects  in  school.  A  child  will  not  get  any  job  without  an  adequate  ability  to  read,  write, 
and  do  math. 


Thinking  algorithmically  is  certainly  a  valuable  skill,  and  one  that  is  salutary  for  an  educated  person  to 
possess.  However,  even  though  we  computer  scientl.sts  might  like  to  think  otherwise,  learning  to  program 
is  not  a  nece.ssary  or  sufficient  precursor  to  reasoning  ability.  There  are  many  other  ways  to  train  the 
mind.  Learning  to  program  computers  is  no  magic  nostrum. 

We  believe  that  using  computers  to  teach  comimter  literacy  to  every  student  is  a  wasteful  enterprise. 
The  only  legitimate  reason  for  using  computers  in  Hie  schools  to  teach  children  about  computers  Is  the 
lark  of  any  adequate  software  for  leaching  the  truly  /)ij.«tc  skills:  reading,  writing,  and  arithmetic.  These 
are  skills  that  form  the  solid  foundation  of  literacy,  both  computational  and  otherwise.  In  a  civilized 
society.  It  is  criminal  to  neglect  these  subjects  in  our  schools  under  the  false  hope  that  computer  literacy 
will  prove  more  useful  to  our  children.  We  know  that  people  need  to  know  these  core  subjects,  and  we 
know  that  they  are  not  being  taught  adequately  in  all  schools.  We  should  also  realize  that  there  Is  no 
social  imperative  for  children  to  lea.'n  how  to  iirogram. 


Schank  and  Slade 


20 


Kdiicatiofi  and  ( 'oiiip liters 


Our  task  Is  to  find  better  ways  of  oduratInK  onr  elillilren  In  the  basic  skills  of  rlvllly,iii Ion  M  the  same 
time,  we  shonld  take  aim  at  another  ofl  nenlected  Roal  of  a  Rood  eiliieation:  we  should  waul  our  children 
to  leave  school  with  a  true  love  of  learninR  that  can  sustain  tliem  throiiRhoid  the  rest  of  llieir  lives  'I'he 
love  of  learidiiR  is  excIlliiR  to  watch  In  a  youiiR  child,  aiul  often  ii  seems  to  be  driven  away  .as  (he  child 
proRre.sses  throiiRh  sriiool  A  piTson  wlio  coidiniies  ihroilRh  life  wKli  .an  o|ien  and  liniulsll Ive  mind  |s  both 
rare  and  wonderful.  We  should  hope  that  our  scIkkiIs  will  achieve  not  only  the  basic  Roals  of  (alncaiion 
but  also  extend  the  vision  and  reach  of  our  children  beyond  ttieir  years  In  school.  (  ompulers  may  not  be 
the  answer  to  nurturing  a  love  of  learning,  but  at  least  they  should  not  stand  in  the  way 

We  recognize  that  schools  should  not  he  singled  out  for  criticism  regarding  children  lacking  a  sense  of 
intrinsic  reward  in  learning.  This  low  regard  for  the  love  of  learning  is  a  societal  atllliide  We  believe 
though  that  the  schools  are  a  good  [ilace  to  start  t.o  try  to  turn  this  attitude  .around  l■■url  liermorc  (hr 
evidence  suggests  that  an  aiuiroach  to  teaching  which  focuses  on  intcinsic  motivation  will  arideve  greater 
success. 


3.1  Hardware  in  the  Schools 

So  far.  we  have  discussed  the  problems  of  the  schools  and  of  computers  In  the  srhools  We  saw  that 
most  of  the  problems  associated  with  comituters  in  schools  were  due  to  the  lark  of  .suitable  software 
Hefore  we  dlsctiss  the  software  requirements  and  slandard.s  for  filiirai lc>i>.  we  should  briefly  examine  what 
computer  hardware  is  available  In  the  schools. 

Computers  have  long  been  available  in  colleges  and  universities,  where  they  have  been  used  for  matiy 
scientific  and  administrative  applications.  Colleges  often  spent  a  million  dollars  or  more  in  the  ftO  s  and 
70’s  to  set  up  computer  centers. 

Needless  to  say.  few.  If  any.  ((rlriiary  and  secondary  schools  ran  afford  to  spctid  a  million  dollars  for  a 
computer.  Furthermore,  they  do  not  have  the  motivation  of  large  scientific  and  administrative  protdems 
to  solve.  There  are  some  high  schools  that  have  bought  or  borrowed  lime  on  someone  rise's  large 
machine  to  leach  programming,  but  it  wasn't  until  the  advent  of  the  Inexpensive  microcomputers  that 
many  schools  started  to  get  on  the  computer  bandwagon.  As  history  has  shown,  most  of  those  machines 
were  purchased  to  teach  about  computers  themselves. 

The  dust  has  settled  somewhat  in  I  lie  hardware  arena.  We  can  now  look  around  and  see  what  has 
transpired,  and  we  can  well  predict  what  will  be  available  in  schools  in  the  coming  .vears.  For  now.  we 
can  assume  that  a  machine  with  the  power  and  capabilities  of  an  Apple  11  or  an  IBM  PC  will  be  the 
norm  We  feel  this  to  be  a  realistic  view.  If  the  schools  had  more  money  and  could  afford  a  DEC  VAX 
or  other  supermini  computer,  then  the  |>o.s.siI)iliiies  would  be  mucli  greater. 
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Thus,  the  niaehlnes  that  are  available  are  not  exireniely  nowerfiil  by  the  standardn  of  toilay’s 
eoiiilmtiTs.  However.  eoiiiimtiTs  of  the  elttss  of  an  A|i|>le  II  or  HIM  l’<  have  •leveml  liii|>orl aiil 
ea|>ali|lll  ies.  l'’or  the  sofl  ware  standards  deserlbed  l>e|<iw.  we  sh.ill  assiinie  n  mli  roeoiiil'iiter  with  Mu 
followinK  abilities: 

•  at  least  G-i.fKX)  characters  of  memory 

•  .11  least  one  disk  drive 

•  I  i-x  t  (lisplay 

•  color  itraphies 

•  imisic  Reneratlon  (at  least  one  voice) 

This  is  a  iiiiiiiiniitn  set  of  re<|iiireineins.  One  may  dispute  the  need  for  color  Kraphtcs,  but  tin’  benefits 
outweigh  the  sinali  marginal  costs  I'lirt heriuore.  the  costs  of  hlKh-(pialii .v  color  displays  are  dro|)pinK  tts 
the  detnainl  for  this  feature  Increases.  We  suKKesi  that  this  ability  can  he  considered  a  standard  foi  most 
educational  software  for  the  tiear  future 

sotne  of  the  items  that  we  do  not  require  of  an  educational  microcomputer  would  include  a  joystick, 
itionse,  graphics  tablet,  lig.it  fien.  voice  synthesizer,  modem,  and  a  printer  for  each  machine.  Cursor  keys 

iti  provide  adequate  and  accurate  positioning;  joysticks  are  more  useful  for  arcade  video  games  which 
require  quick  reflexes  Instead  of  cognitive  skills. 

Is  onoii.lcal  vol<  e  synthesizers  are  still  hard  to  understand  and  not  yet  feasible  for  the  one  area  where 
I  hey  would  t>e  extremely  useful:  programs  teaching  children  to  read.  A  computer  that  could  talk  to  the 
child  111  an  intelligible  voice  would  be  of  great  benefit.  Older  chlldreit  can  better  understand  today's  voire 
'.viu hesj/<rs.  hut  those  same  chiirlren  should  also  be  able  to  read  instructions  printed  by  the  computer. 
\n  are.i  where  voire  synthesizers  can  be  especially  helpful  .at  present  is  in  computer  programs  for  the 


Modems  and  data  eommuiilcation  will  someday  be  an  important  part  of  computers  In  the  school,  but 
not  until  the  .schools  have  some  well-established  central  facility  for  record  keeping  or  curriculum 
(list ril)ui ion  For  the  present,  we  can  expect  teachers  and  students  to  be  shuffling  floppy  disks  back  and 


I’rlnii  rs  are  vi  ry  useful,  ami  every  school  should  have  sever.al.  However,  there  Is  no  need  at  present  for 
every  machine  to  have  one.  A  ratio  of  I  jirinter  for  every  5  or  10  machines  should  prove  adequate  for  the 
mar  future 
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Over  the  next  few  years,  more  money  will  be  made  available  for  eomputers  in  the  schools,  both  from 
school  boards  and  from  computer  manufacturers.  It  Is  most  likely  that  the  schools  will  spend  the  money 
in  three  main  areas:  more  equipment  (compatible  with  existing  hardware),  more  software  (especially  In 
area.s  not  presently  covered),  and  more  training  for  the  teachers  in  the  integration  of  computers  into  the 
school  day. 

.Vs  more  motley  is  spetit  in  the  near  future,  we  can  view  the  expanditig  role  of  compitters  in  the 
classroom  In  specific  terms  how  many  hours  |>er  week  the  student  will  have  access  to  the  cotnputer. 
I'od'i.v  the  school  that  exposes  the  student  to  the  computer  30  minutes  a  week  will  in  the  next  r.  years 
have  moved  to  .30  minutes  a  day  —  a  five-fold  iticrea.se.  .Again,  this  ran  only  happen  if  there  is  adequate 
■software  to  siippf)rt  tiie  comtnitmenl  of  resources. 

We  view  this  catalog  of  hanlware  rapaliilites  as  descriptive,  not  prescriptive.  We  recognize  that  it 
would  he  far  heller  for  e.ich  student  to  have  acce.ss  to  a  $50,000  workstation,  than  to  share  an  Apple  II 
with  3(1  classmates  Thus,  tiie  software  is  clearly  constrained  by  the  hardware  realities. 

3.2  Software  for  education:  the  good,  the  bad,  and  the  ugly 

We  now  lurn  to  software,  had  and  grx)d  We  first  look  at  the  bad.  In  discussing  the  problems  with 
existing  pfliir.'i(  ion.il  soTiu.irr.  we  pre.sent  several  categories  of. soft  ware  that  sometimes  overlap: 

•  comiiuler  literacy 

•  drill  and  (iraci ice 

•  elect  route  hooks 

•  I  he  educat  lon.al  arcade 

•  .ulventure  software 

As  should  be  clear  at  this  point,  there  are  a  lot  of  comi>ulers  in  the  schools  today  that  are  not  being 
well-utili/.ed  There  are  several  different  problems  that  we  have  discussed.  The  first  is  that  the  schools 
are  devoting  excessive  resources  to  leaching  computer  literacy. 

I.et  us  imagine  ;i  person  who  hu.vs  a  new  car.  takes  it  home,  and  then  spends  several  months  doing 
nothing  except  dismantling  and  re,a.s.semhling  the  automobile.  Clearly  this  (lerson  will  have  learned  a  lot 
about  auto  mechanics  and  car  repair,  bitt  he  won’t  have  taken  advatilage  of  the  car  to  do  what  it  does 
best;  taking  people  from  one  place  to  atiotlier  (  oniputer  literary  follows  a  similar  path:  the  schools  have 
tioiight  all  these  machines  .and  now  the.v  aren’t  using  them  to  )iel|)  with  the  problems  that  existed  in  the 
-(bools  before,  namely,  teaching  reading,  writing,  tnath.  and  other  subjects 
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Now  assume  that  our  car  owner  has  decided  that  he  is  going  to  try  out  the  car.  Instead  of  merely 
examining  it.  He  then  sits  in  the  driver’s  seat;  puts  the  key  in  the  ignition;  turns  on  the  radio;  and  spends 
the  rest  of  the  afternoon  sitting  in  his  driveway  listening  to  music.  The  poor  man  could  have  bought  a 
iiuicti  better  stereo  for  a  lot  le.ss,  but  he  wanted  to  use  his  car  and  didn't  know  how  to  drive. 

Much  educational  software  suffers  from  this  syndrome  of  underutilization.  There  are  programs  which 
are  little  more  than  electronic  workbooks  in  which  questions  apitear  on  the  screen  and  the  child  types  in 
ati  answer.  A  correct  answer  causes  the  machine  to  go  to  the  next  les.son.  An  incorrect  response  takes  the 
child  liack  over  the  previous  material. 

This  type  of  software  is  termed  drill  and  practice  and  teachers  who  have  seen  children  use  it  recognize 
it  as  dull  in  practice.  These  programs  typically  make  little  use  of  the  graphics  capabilities  of  the 
machines.  They  are  al.so  lacking  in  what  should  be  viewed  as  the  Intrinsic  capability  of  educational 
software:  interactivity.  Children  who  have  been  exposed  to  video  games  are  aware  of  the  many  appealing 
features  of  microcomputers  and  recognize  that  simple  drill  and  practice  software  is  deficient.  It  doesn’t 
hold  their  attention.  They  get  bored.  This  is  not  progress.  The  child  loses  interest  in  the  subject,  and 

the  reason  now  is  not  a  $5  workbook,  but  a  $r>0  computer  program,  running  on  a  $2,500  computer.  It’s 

like  luiyitig  a  I.Incolti  <  ontitiental  to  play  the  radio. 

.Nside  frotti  their  limited  erfectiveness.  drill  and  (iractice  programs  suffer  from  another  major  drawback; 
they  are  easy  for  anyotie  to  develop.  Thus,  there  Is  a  large  supply  of  simplemlnded,  inadequate 
educational  software  produced  with  very  little  thought.  Easy  as  it  is  to  write  drill  and  practice  programs, 
some  programmers  have  seen  fit  to  make  it  even  easier  through  what  are  called  authoring  systems. 
The.se  allow  a  user  to  create  a  program  without  even  minimal  programming  ability.  The  result  is  a 
program  with  some  educational  content,  but  lacking  the  most  basic  sophistication  and  awareness  of  the 
full  ipablllties  of  till'  mactilne  It  Is  comparable  to  a  children’s  textbook  without  any  supporting 
illu:  1 .  atiotis.  maps,  charts,  f  litres,  tables.  gr.aphs.  or  pictures.  We  would  question  why  the  author  failed 
to  lake  advantage  of  the  other  effective  modes  of  coninuinlcal ion  provided  by  the  printed  page.  We 

wouldn't  take  such  a  book  seriotisly  Neither  should  we  accept  the  products  of  these  authoring  systems. 

\\  '■  should  deiiKind  first  chuss  products  for  our  children  They  c.an  tell  the  difference. 

(tile  v  iriaiion  un  (he  drill  .and  practice  programs  is  the  electronic  book.  Here  a  textbook,  often  with 
illu'i r.at Ions,  Is  converted  to  a  eoniptiier  disk  The  child  reads  a  jtage  from  the  computer  screen  and  then 
presses  a  key  to  view  itie  next  page  Sometimes  the  screen  will  display  a  picture  taken  from  the  book  to 
ilejuct  a  certain  concept  However,  the  bulk  of  the  program  relies  on  reading  text  from  the  screen  After 
a  while,  it  lecoines  aiutareni  ihai  (his  (yi>e  of  program  is  no  belter  than  the  book  Itself.  In  fact,  it  is  in 
tti.iny  ways  worse  With  .a  book,  the  chilli  has  more  freedom  to  Jump  around  from  one  part  to  another 
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and  to  proceed  at  his  own  pace.  These  programs  are  reminiscent  of  early  motion  pictures  which  were 
filmed  stage  plays,  rather  than  tightly  edited  cinematic  productions.  Those  early  movies  did  not  take 
advantage  of  the  dynamic  editing  possibilities  inherent  in  movies  and  missing  on  the  stage.  Similarly, 
much  educational  software  is  still  tied  to  the  idea  of  the  book,  and  not  to  the  dynamic  and  Interactive 
capabilities  of  computers. 

VVe  should  be  energetic  in  exploiting  the  full  power  of  computers  for  education.  We  should  not  be 
satisfied  with  the  mediocre  software  currently  available.  It  was  not  very  long  ago  that  television  was 
touted  as  a  great  medium  for  cultural  advancement.  Television  provided  an  opportunity  to  bring  high- 
quality  drama  and  art  to  the  ma.sses.  The  great  awakening  never  happened  though.  Mediocrity 
triumphed.  The  high  hopes  for  uplifting  society  were  never  realized.  Still,  this  does  not  mean  that 
computers  for  education  will  suffer  the  same  fate.  It  Is  within  our  power  to  shape  the  future. 

Television  has  of  course  been  used  for  education.  Programs  such  as  Sesame  Street  and  Electric 
Company  are  widely  embraced.  However,  computers  can  be  more  stimulating  to  a  child  than  television, 
which  is  after  all,  a  very  passive  experience.  Children  enjoy  working  with  computers  because  the  child  is 
the  one  who  can  control  the  action.  He  makes  things  happen.  He  is  Involved.  With  television,  the  child 
is  a  spectator.  With  computers,  the  child  is  a  player.  That  difference  is  key.  As  a  player,  the  child  has 
.something  at  stake  and  has  to  he  thinking. 

However,  it  is  not  sufficient  for  the  child  to  be  a  player.  There  must  be  .some  cogent  educational 
content  to  the  program.  The  educational  arcade  games  fall  prey  to  this  problem.  Arcade  games  or  video 
games  rely  on  quick  reflexes  and  reaction  time  responses.  They  don't  develop  cognitive  skills,  but  motor 
skills.  Many  educational  programs  have  been  based  on  arcade  games.  These  programs  link  some 
cognitive  task  such  as  spelling  or  multiplication  to  a  game  strategy.  Often  the  link  is  very  loose,  such 
that  the  game  is  merely  the  reward  for  successful  completion  of  the  cognitive  task.  We  believe  that  this 
approach  may  answer  some  of  the  criticisms  leveled  at  drill  and  practice,  but  is  seriously  deficient  In 
other  respects.  The  primary  task  requires  motor  skills,  not  cognitive  ability.  Furthermore,  there  is  no 
connection  between  the  task,  such  as  addition,  and  the  goal,  such  as  shooting  an  alien.  There  Is  no  context 
of  adding  numbers  as  a  useful  thing  to  do  in  real  life. 

One  final  type  of  program  that  is  gaining  in  popularity  and  often  portrayed  as  being  educational  is  the 
adventure/mystery  programs.  These  are  inter.active  novels  in  which  the  reader  issues  commands  to  the 
computer  to  tell  the  protagonist  wh.it  action  to  take  at  regular  Intervals  in  the  narrative.  These 
programs  are  fine  when  viewed  ,as  entertainment  software,  however,  they  do  not  readily  fit  into  any 
school  curriculum.  Furthermore,  their  claim  of  educational  content  is  usually  mitigated  by  the  fact  that 
the  competent  reader  must  already  have  arhleve<l  a  level  of  sophistication  beyond  that  of  their  claimed 
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instructional  level.  (A  program  to  teach  reading,  for  example,  should  not  require  that  the  child  already 
know  how  to  read.) 

Mad  software  will  always  be  with  us.  What  Is  larking  In  educational  software  these  days  Is  a  suitable 
set  of  standards  for  distinguishing  between  the  good  and  the  bad.  We  shall  now  propose  initial  standards 
for  good  educational  software. 
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4.  Computers  in  Schools:  The  Solution 

4.1  Standards  for  educational  software 

We  have  leveled  many  criticisms  at  existing  educational  software.  We  feel  that  there  is  a  tremendous 
need  for  good  software  In  the  .schools  and  that  most  of  what  Is  currently  available  Is  inadequate,  for  the 
variety  of  reasons  listed  above.  What  should  good  educational  software  look  like  then?  We  shall  now 
attempt  to  answer  that  question.  We  present  the  following  set  of  principles  of  educational  software 
design. 

1.  The  program  should  achieve  a  defined  educational  objective. 

2.  The  child  should  learn  through  discovery. 

3.  The  program  should  be  intrinsicly  interesting  and  fun. 

4.  The  program  should  use  concepts  already  familiar  to  the  child. 

f>  The  tasks  and  rewards  should  be  appropriate  to  the  target  age  and  background,  and  to  the 
concepts  being  taught. 

6.  The  program  should  make  and  require  reasonable  responses. 

7.  The  program  should  be  easy  to  use. 

8  The  program  should  not  break. 

9.  There  should  be  both  rewards  and  remediation. 

10.  The  program  should  allow  mlxed-lnltlatlvc  interaction. 

11.  The  program  should  be  part  of  Integrated  series. 

12.  The  program  should  be  open-ended. 

4.1.1  Defined  Educational  Objectives 

The  educational  content  of  a  program  should  not  merely  be  a  side-effect  or  after  thought.  This  Is 
clearly  the  case  with  numerous  arcade  or  entertainment  programs.  It  Is  easy  to  see  that  these  programs 
were  not  designed  primarily  for  education.  Their  educational  content  was  not  an  a  priori  concern  of  the 
programmer,  but  an  a  pogtrriori  Idea  of  the  marketer. 


4.1.2  Learning  through  discovery 

C'ompiitprs  make  ii  possible  lo  learn  ihrough  simiilalions.  The  user  can  make  decisions  that  chaiiKC  the 
stale  of  an  imaginary  world  In  this  environment,  the  child  can  experiment  with  Impunity.  The  child  is 
(hen  more  involved  In  the  action  and  has  to  tliink  about  his  decislon.s  and  their  consequences.  'I'his 
appro, ich  can  be  applied  lo  the  entire  school  curriculum  --  not  simply  for  math  problems  or  spelling  drills. 
.\  history  program  should  allow  the  student  to  .simulate  |>olillcal  decisions  and  view  events  occurlng  in  a 
c.iiisal  se(|iience.  A  geography  program  should  let  the  chihl  explore  a  region  and  discover  its  traditions, 
e<oiioiny,  and  so  on.  A  student  might  manipulate  the  economy  <rf  a  country  at  a  micro  or  macro  level, 
and  rliscover  the  underlying  explanations  for  consumer  decisions  and  national  fiscal  policies.  A  computer 
ctieinisiry  lab  should  allow  (he  student  not  only  lo  perform  experiments  for  qualitative  and  quantitative 
analysis,  but  also  manipulate  molecular  models  of  the  results,  A  biology  program  could  perform 
simulated  genetics  experiments  instantly  without  waiting  the  few  days  required  for  real  fruit  fly  results. 

4.1.3  Motivation,  interest,  and  entertainment 

The  program  should  be  so  enjoyable  that  the  child  wants  to  use  it  for  its  own  sake,  perhaps  never 
re.ili/ing  ih.it  it's  educational.  Ily  involving  the  child  as  much  as  possible,  the  program  requires  his 
attention  The  program  should  be  so  much  fun  that  the  child  Is  highly  motivated  to  learn.  Here  it  is 
important  to  stress  the  range  of  rewards  available  with  graphics,  music  and  interactive  choices.  We  want 
the  rtiiM  to  enjoy  learning,  A.s  we  have  dlseussctl  earlier,  intrinsic  motivation  Is  more  effective  than 
extrinsie  I.epper  H.'i.  I.eppi  r  and  Malone  85.  Malone  and  Lepper  85|. 

4.1.4  Familiarity  breeds  expertise 

(  tiildren  fiave  consideraiile  knowledge  about  the  world  and  this  knowledge  should  be  brought  to  bear  In 
learning  new  material  'I’he  programs  should  always  try  to  present  the  subject  in  a  realistic  and  familiar 
context  to  provide  a  suitable  grounding  for  the  child.  The  more  concepts  that  the  child  can  bring  lo  bear 
mere, uses  the  facility  tite  child  will  tiave  in  learning  the  new  concept.  This  is  especially  important  in 
teaching  abstract  concepts  such  as  algebra  or  molecular  chemistry.  Here,  the  simulation  and  discovery 
approach  can  t)c  best  applied.  The  child  is  then  directly  Involved  in  the  subject  through  a  concrete 
conic;,  t. 

4.1.6  Tailor  the  program  tasks  and  rewards  to  the  user 

'I'lie  ta-sks.  Illustrations,  and  rewards  In  the  program  must  be  suited  to  the  age  and  cognitive  skill  level 
of  tile  Intended  user.  ITogranis  de.signcd  for  pre.sclKMders  should  require  the  simplest  of  tasks,  and 
provide  appropriate  rewards.  ITograins  designed  for  more  mature  ehlldrcn  ran  require  more  complex 
rtiannal  or  cognitive  tasks  I'nrllierinore.  the  rewartls  stinuld  l)e  matched  to  the  subject  matter  For 
e\;impie,  motley  rewards  make  sense  in  economic  or  l>usines,s  contexts. 
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4.1.S  Don’t  violate  expectations 

There  must  be  a  reason  for  everything  that  happens,  and  a  reason  for  every  action  required  of  the  child 
The  dramatic  action  of  the  program  must  not  be  arbitrary  at  any  point  in  tlie  program.  The  child  must 
not  be  distracted  from  tlie  educational  task  by  trying  to  figure  out  why  the  program  beliaved  in  some 
strange  way  or  trying  to  second  guess  just  exactly  what  tlie  program  is  exiiecting  the  child  to  reply  The 
rhild’.s  attention  should  not  he  diverted  from  the  basic  involvement  with  tlie  program.  It  is  important 
that  the  universe  of  actions  embodied  in  the  program  be  consi.sienl. 

4.1.7  Make  it  easy  to  use 

Ttiis  would  seem  axiomatic  for  any  piece  of  .software,  but  It  Is  especially  important  when  you  expect  the 
lirogram  to  be  used  by  children  Instructions  should  be  easy  to  understand,  which  means  that  the  user 
interface  should  be  very  simiile  atid  consi.stcnt  throughout  the  program.  For  example,  one  common  way 
to  request  input  is  through  a  highlighted  menu  for  which  the  .space  bar  cycles  through  each  Item,  and  the 
return  key  selects  the  current  item.  The  appropriate  use  of  icons  is  also  beneficial. 

4.1.8  Make  it  hard  to  break 

This  Is  re.all.v  an  extension  of  the  jirevlous  priticiple:  a  program  that  Is  easy  to  break  Is  perforce  not  easy 
to  use.  Again,  it  is  ittu>ortanl  to  realize  that  the  programs  are  to  be  played  by  children  who  may  try  all 
kinds  of  strange  ihlngs  wheti  using  the  program.  The  program  should  be  able  to  withstand  a  whole 
gamut  of  inappropriate  responses  without  crashing. 

4.1.9  Encourage  success  and  expect  failure 

The  iirogram  should  always  be  responsive  to  the  child's  progress.  When  the  child  makes  an  incorrect 
response,  the  progratn  should  instruct  the  child  .as  well  as  correct  the  child.  If  the  child  has  demonstrated 
eoiniietence.  he  should  not  be  reriuircd  to  recapitulate  previous  material.  The  positive  response  following 
a  correct  answer  should  always  be  more  rewarding  than  the  negative  response  for  a  wrong  answer.  It  is 
importani  that  the  child  not  be  encouraged  to  choose  the  incorrect  answer  simply  to  get  a  more 
st imulat ing  rew ard. 

4.1.10  Allow  mixed-initiative  interaction 

Most  computerized  instruction  is  one-sided;  the  computer  asks  all  the  questions.  This  is  especially  true 
of  drili-and-pr.ictice  programs,  but  is  also  characteristic  of  other  kinds  of  software.  The  opposite  extreme, 
where  the  user  asks  all  the  questiotis.  is  more  common  in  interactive  help  systems  or  information  retrieval 
programs  ,\  teaching  siti.  ition  is  best  conducted  as  a  combination  of  the  two  —  both  the  student  and  the 
teacher  initiate  (luestimis,  and  respond  to  questions  po.sed  by  the  other.  Computer  programs  which  have 
this  abiliiy  are  referred  to  as  mixed-initiative  systems,  and  educational  software  should  strive  for  this  type 


Scliaiik  and  Slade 


29 


Education  and  Computers 


4.1.11  Integrate  'within  a  series 

One  of  I  he  advantages  of  coinputer-lni-sed  instriietion  is  t  hat  ooitipiiters  can  present  course  material  in 
discrete.  diKestil)le  (piantities.  Each  program  contains  a  specific  lesson.  We  have  already  discussed  the 
importance  of  huililing  on  previous  knowledge  and  experience.  It  stands  to  reason  that  part  of  that 
evixrh-tice  should  he  the  previous  etunpu ter- based  les.sons  themselves,  'rims,  even  though  each  program 
mav  stand  oti  its  own  as  it  presents  a  new  coneept.  the  program  ran  benefit  from  being  i)art.  of  ati 
integrated  series  iti  which  the  !e.s,soti  design  ran  lake  advantage  of  the  content  of  the  previous  programs  in 
the  series. 

'Ihis  approach  is  especially  iniportani  in  designing  a  computerized  curriculum.  For  example,  ba-sic 
re.ading  and  arithmetic  skills  for  just  one  primary  grade  would  require  several  dozen  programs  in  an 
integrated  series.  If  one  selected  the  same  number  of  programs  for  the  same  subjects  at  random,  there 
would  be  lots  of  overlap  and  many  gaps  I'urt hermore.  the  disitarily  in  approaches  and  techniques  would 
pre.sent  an  additional  obstacle  for  the  child. 

4.1.12  Make  it  open-ended 

It  IS  not  posst6/e  to  sfcp  lieice  into  the  eainr  river.  jUrraclUuej  Knowledge  is  a  river,  and  educational 
software  should  reflect  the  fact  that  there  is  always  something  new  and  different  to  discover.  The 
(program  should  embody  a  diversity  of  po.s.s)ble  approaches  and  outcomes.  Each  time  the  child  uses  the 
progratii.  it  sliould  provide  a  fresli  instantiation.  The  more  open-ended  the  program,  the  greater  the 
opjiortiinity  ttiere  will  tie  for  the  ctiild  to  explore  and  learn. 


4.2  Summary 

t  'hildren  are  not  being  taught  to  think,  but  to  get  grades,  f'omputers  have  been  put  In  school  not  to 
ic.icli  basic  skills,  but  to  teach  about  computers. 

The  way  to  teach  student.s  to  think  is  to  stimulate  them  to  ask  questions  and  to  explain  the  unfamiliar, 
c  oiTiiniters  ran  lie  used  very  effectively  to  prod  students  In  a  non-Judgemental  way.  Children  find 
computer-  imrinsicaliy  stimtil.ating 

till''  final  anecdote  is  illustrative. 

\  higli  school  acquired  a  personal  eoiupiiler  and  a  simple  eomputcr  program  for  analysing  the 
iiuinlional  coutem  of  uie.als  The  school  decided  that  a  wonderful  way  to  introduce  the  computer  to  the 
stiid'-iil-  would  hr  to  pul  till'  machine  in  the  cafeteria  so  that  the  students  could  instantly  find  out  the 
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After  the  machine  was  installed,  it  would  regtilarly  attract  laiRc  crowds  of  stndeMis  However,  teachers 
discovered  that  the  students  would  exit  the  nutrition  proRraiii  and  start  wrllliiR  lUoRr.ains  of  their  own 

'I'he  teachers  then  rewrote  the  ntitritiott  proKrain  to  remove  the  exit  condition.  Soon,  tlie  crowds  of 
siitdents  returned  I  hoiiRh,  havliiK  discovered  that  flippiiiR  the  power  switch  off  atid  on  would  effect  ivel,v 
restart  the  machine  and  allow  them  to  l>,vi>:i.ss  the  nutrition  proRtain 

The  teachers  respondeil  hy  disaliling  the  power  switch  Still,  the  students  found  that  the  same  effect 
could  be  achieved  by  unplugging  the  computer's  power  cord  and  then  plugging  It  bark  In 

f'inally,  ih<'  teachers  secured  the  power  cord  to  the  wall,  and  were  confident  that  they  had  sealed  off  all 
alternatives  for  the  unruly  students.  The  teachers  wete  wrong. 

.■\t  the  back  of  the  rotnputer  w:vs  a  set  of  metal  connectors.  If  someone  rubbed  a  coin  across  the 
connectors,  the  cotn[)uter  would  short  out.  and  theti  start  up  again  allowing  a  new  program  to  be  rtin. 

This  story  ttiay  provide  soiiu'  hope.  It  appears  that  students  are  resiliettt  enough  to  survive  cltimsy  and 
inappropriate  attempts  to  introduce  comiiuters  in  schools. 
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